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ABolRAcT 


An EPR study of x-ray irradiated isobutyrate and 
n-butyrate doped strontium acetate hemihydrate has been 
made. The n-butyrate radical exhibited anistropy while the 
isobutyrate did not. The n-butyrate radical ion has a 
Spectrum of 8 lines of equal intensity. The unpaired elec- 
tron is on the « carbon and the two -@ carbon hydrogens 
are inequalivalent. The n-butyrate radical has been shown 
to be oriented in very nearly the same position as the 
propionate radical previously reported and it occupies only 
One of the two acetate sites. Within this site only one 
rotamer of the damaged ion is thermally populated. The iso- 
butyrate ion is selectively damaged by a ratio of 300 to l, 


ema tne ratio for n=butyrate is about 500 to l. 
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I. INTRODUCTION 


iiesstuay Of radical fragments resulting from radiation 
damage in sodium, cupric, nickel, Zinc and strontium 
acetates has been reported [1] . Coneway [2] has recently 
Bepoweea Om Lithium and mercuric acetates. In most cases 
the work emphasized reactions involving the acetate ion at 
various temperatures. However, Tolles, Sanders and Gisch 

fi] Pevmnemuaice 1ir Che presence of trace amounts of propio- 

Mate 2On, “in both Zinc and strontivm acetates, the damage 
was preferentially transferred to the propionate ion and 
yields CH,CHCO, aoa iwemen Product. In strentiumracetate 
this preference is 700 to l while in zinc acetate it is 20 
to ibe 

It is the purpose of this thesis to provide additional 
Cemead Ol time effects Of Oother™trace impurities in strontium 
and zinc acetate single crystals. This additional data 
will, hopefully, provide some new insight into the mechanism 
by which the damage moves through the crystal lattice. The 
Other trace impurities studied were isobutyrate and 
n-butyrate. The results of this investigation would also 
give ieee notion On tle value’ ofezince and strontium acetates 
as host crystals for the introduction of materials for study 
by EPR. Another purpose was to provide additional informa- 


tion on the structure of strontium acetate crystals. 





Lif” BPR) THEORY 


EPR theory has been well elucidated by many authors, 
most notable Carrington and McLachlan [3] ieee tc 00K .0n 
magnetic resonance. This thesis is particularly concerned 
with the EPR of trapped organic radicals and the discussion 
herein will be limited to only that portion of the subject. 

The study of trapped organic radicals in single 
Crystals is useful because the radicals induced in them 
are regularly oriented with respect to the crystal axis, 
ama therefore to the external magnetic field. This regular 
Orientation of these radicals allows the measurement of 
anisotropic hyperfine magnetic interaction. 

thew eree olen, here t96ero [2nd the parameters, in the spin 
Hamiltonian for the interaction of an unpaired electron with 


One Or more nucleivy The spin Hamiltonian is 


h 


eo 
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S—- ZUR + 2$-T-T 


ct 
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where /§ is the Bohr magneton, H is the external field, 

g is the spectroscopic splitting tensor, de fine nuclear 
Magneton, T is hyperfine interaction tensor, and S and I 
the electron and nuclear spin respectively. The first term 
represents the interaction of the electron with the external 
field. For trapped organic radicals the g tensor is very 
nearly equal to the free election g value. The second 
term is the sum of the interactions of the various nuclei 


with the external field. At X-band frequencies the effect 





of this term is small. The third term then represents the 
heart of the problem: the energy of interaction between the 
electron spin and the various Mule Le Ll. 

The hyperfine interaction term mea Coneination Of ehe 
isotropic Fermi contact interaction and the anisotropic 
dipolar interaction. This hyperfine interaction for a 


single nucleus may be Wr eis cto 
vile SRT = sirgbw Vast - gA% e1 : a(S tT] 
S rs cr 


The first term is zero unless there is a finite probability 
of finding the unpaired electron at the interacting nucleus. 
It is for this reason that it is called the Ferma, contact 
interaction. The second term gives an aniSOErOpie OT 
Girection dependent character to hyperfine interaction. 

The term results from the usual electron and nuclear dipole 
interaction. 

The eigenvalues of H' are the principle values of T. 
fine sscocropsc COmMponents are obtained from the first term in 
the equation and the anisotropic components from the second 
Eerie 

In this thesis the interactions studied were the 
interactions of an electron with hydrogen nucleus or protons. 
These nuclei have a spin of 1/2. This then will give rise 
to a spectrum of on equally intense lines if the electron 
does not see the protons as equivalent. For equivalent 
rotons there are n+ 1 Lines with their Seed Ue intensi- 


ties given by the binomial Giger FOuUcLON. 





IItI. BACKGROUND 


Mae Literature Bie EPR spectra of trapped organic 
fmeacats is quite extensive [4] wc ySceabowor Organic acids 
and their salts, when irradiated with x-rays, gamma rays, or 
high energy electrons, have been found to provide suitable 
Meets for the resulting trapped radicals. The radical can 
be identified and its OnLen tate OnmeemmOmeen voce xed by 
interpretation of the hyperaine interaction. 

Bennet and Gale [5]: reported the spectra of polycrystal- 
line carboxylic acid radical anions prepared from formic 
acid, acetic acid, deuterated acetic acid (d, and dy), 
propionic acid, butyric acid, trimethylacetic acid and 
benzoic acid at 77° K. Isobutyric acid failed to give a 
Carboxylic acid radical anion but instead gave the 2- 
carboxyl 2-propyl radical ( (CH3) >CCOOH) . It was found that 
the radical anions were able to abstract hydrogen from 
adjacent neutral molecules at 77° K to give secondary 
radicals. The extent of the reaction was found to depend 
On the strength of the C-H bonds in the acid. Negligible 
reaction occurs with acetic acid which possesses only 
primary hydrogens, whereas the radical anion reacts com- 
pletely with the tertiary hydrogen in isobutyric acid. 

Meecieled Studies by McConnell and Heller fe] and others 
Of irradiated dicarboxylic acids, such as malonic and 


succinic acid, have shown that the ESR lines exhibited by 


10 





the radicals arise from the hyperfine interaction of the 
magnetic moments of the unpaired electron with the magnetic 
moments of one or more protons in the aliphatic chain. 
Beller [7] extended this work to methyl malonic acid. 
mrhnoughehe identified two species, CH3C(COOH)>, and 
CH3CHCOOH, he made a detailed study only of the first. He 
concluded that the three methyl protons are equivalent, and 
the principal values of their hyperfine coupling tensor are 
75.4 (along the C-CH3 bond), 68.8 and 68.6 MHz, the isotropic 
component of the coupling tensor (and, therefore, the spin 
density on the methyl protons) is positive; and that the 
methyl group executes nearly free rotation about the C-C 
bond at 4.2°. 

Peoolevwand Whiten fg] Cont i1emed sand extended.the work 
Of McConnell and Heller [6] ona A irradiated single 
Crystal of succinic acid. They reported the coupling 
tensors, and the g tensor. These confirmed that the 
radical has almost the same orientation as the original 
molecules in the crystal lattice. They found that the plane 
Of the free radical is twisted 5° from the obiginal carbon 
skeleton plane and this leads to appreciable non-equivalence 
of the hydrogen aeons, Of the ~GH> group. 

Morton [9] reported the EPR spectrum of (CH3) 9COo_ 
trapped in QA- aminoisobutyric acid at 40° C. He concluded 
that at. this temperature, one of the methyl groups was 
experiencing free rotation, whereas the other was undergoing 


hindered rotation. Wells and Box f10} extended Ghee anvestes— 


gation by applying ENDOR techniques at 4.2° kK which allowed 


ak 





the absorption signals for the protons of the two methyl 
eeeups) to be distinguished at all crystal orientations. The 
hyperfine tensors for these groups are found to depart from 
the generally assumed axial symmetry. The nonrotating 
methyl group permitted an accurate determination of the 

; : Oo 2 
parameters in the coupling equation A= B + Bcos“@. The 


experimental values found were B, = 3.2 MHZ and 


O 
Beales. 3  MAZ. 

Kispert and Rogers [1.3] reported the interpretation of 
the EPR Spectrum of single crystals of sodium acetate 
trihydrate irradiated by 1-Mev electrons at 77° K. They 
observed four lines with intensity ratios nearly 1:3:3:1 
Pe EOLON Nypertine Splitting of 22.5 G. Bach side of 
meee lines Nad “two Satellites spaced 5.6 G on either side 
eer orm a twelve line pattern. They attributed the quartet 
to the CH3z radical and reported the corresponding proton 
splitting tensor which was axially symmetrical (in the 
principal axis system) and nearly isotropic. The satellite 
lines were attributed to "spin-flip" type transitions which 
arise when there is a simultaneous change in the spin state 
of the unpaired election of the methyl radical and of 
neighboring protons. They stated that the neighboring 
protons giving rise to these transitions were probably those 
of the water of crystallization. 

Tolles, Crawford, and Valenti f12] X-ray irradiated 
miner ecetate sim@leMerystals at 77°C... EPR eee or at 


this temperature revealed an intense 1:3:3:1l1 quartet with 


We 





mieotropic hyperfine coupling constant of 62 MHz. These 
lines were interpreted to be due to the methyl radical. 
Examination at 120° - 140° K Frevealed the decay of the 
methyl radical and the are Sous growth of a second 
species which was shown to *CHjCO5 . They proposed that the 
mechanism was a Simple abstraction of a hydrogen atom by the 
methyl radical from a neighboring acetate ion. Hyperfine 
ema g tensors were Gaboulated and were found to be 
consistent with a planar *CH5COj ion having an HCH bond 
angle of 116.9° + ~0.3°. 

ieiles, oscanders, and Gisch [1] LOUNGE a Geax —siscy 
irradiated strontium acetate hemihvdrate at room temperature 
showed a very complex spectrum. After realizing that the 
complexity was caused by a second spectrum from a trace 
impurity, they were able to provide an interpretation. They 
found that CH3C052- was produced rather than the mejehny 1 
radical as in sodium and Zinc acetates. At higher tempera- 
tures this spectrum is replaced with two magnetically 


aastinct *CH,CO, radicals. In the presence of the 
propionate ion, further reaction proceeds at about -~30°C 

to yield one rotamer Cf Cneemaqgmetically drvstunet CH3CHCO,7 
Badical. The ratio of propionate to acetate damage at room 
Eemperature was found to be 700:1 in strontium acetate, 
indicating some mechanism for the delocalization of the 


damage. This same reaction with a substituted propionate 


TiemrOoGceurs inezine acetate with a ratio of 20:1. 
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IV. EXPERIMENTAL 


A. GROWING OF CRYSTALS 

Single crystals of strontium acetate hemihydrate, some 
with various amounts of strontium n-butyrate added and 
Others with various amounts of strontium isobutyrate added, 
were grown. They were cultivated by making aqueous solu-~ 
Cions of the mixture and allowing slow evaporation from 
partially covered petri dishes. Crystal quality was 
mmproved by adding a small amount of acetic acid. It was 
found that approximately 20 grams of strontium acetate in 
[0 ml of solution gave the best results. 

Tees omc e Hen ee Eat Lugee IOUT lege principally 
propionate, in commercially available strontium acetate 
Obscured the spectrum obtained. This effect was observed 
by Tolles et al }4 arto One sample of commeremal stron 
tium acetate there was about 0.03% propionate impurity. 

An effort was made to make purified strontium:-acetate by 
reacting strontium oxide with acetic acid selected for its 
low propionate content. However, analysis revealed that 
the yeseieue batches of available acetic acid contained 
Beteeen O201% and) 0.03% propionic acid. Distillation of 
the acetic acid was attempted using a spinning band column 
With 30 theoretical plates. One batch of acetic acid 
containing 0.029% propionate had one cut, the best, that 


had only 0.0032% propionate. Another batch containing 
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Oellsz PLrOpiconate originally had no measurable amount of 
Peepiomate in the best cuts All analyses of the acetic acid 
were made on a Bendix Chroma-Lab series 2200 gas chromato- 
graph with a 10-f£tx4-in OD column packed with 20% FAAP and 
70/80 mesh acid washed DMCS and chromsorb W. A flame 
ionization detector was used. 

The spectrum obtained from both commercial strontium 
fe@etate and that prepared frem distilled acetic acid and 
strontium oxide is presented in Fig. 1. A much cleaner 
Spectrum results from the purified strontium acetate. The 
lines in the wings have been identified as belonging to 
strontium Shoo sioneeen 

An attempt was made to grow Zinc acetate crystals doped 
With zinc isobutyrate and zinc n-butyrate. It was found 
that the crystals became increasingly fragile and misshaped 
with increased Eourres, Of G@ping macemial. Crystals with a 
ange chemean concentration Of Impurity to give good spectra 


Could not be made, 


Bo CRYSTAL ORIENTATION . 

ae crystal SEGUCTEUrG Of Stuentium acetate hemihydrate 
has not, to the knowledge of the author, been reported. 
The crystal axis system that was used was that reported by 
Gisch [13] and shown in Fig. 2. The numbers along the edge 
of the crystal are the angles the crystal faces make with 
me XY plane. The Crystal was positioned on a quartz rod 
holder with the aid of a microscope. One of the eyepieces 


had crosshairs to assist in positioning. The orientation 


i 








ee! 


25 Gauss 


Commercial Strontium Acetate ° 
i) rahe) 6 = 0° 


————— 


25 Gauss 
Purified Strontium Acetate 


0= oa o= Of 


Figure 1. Room Temperature Spectra of X-Ray Damaged 
CEystatcectseemmereral and Purified 
Strontium Acetate. 
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Figure 2. A Single Crystal of Sr(CH3CO,). - +s HoO showing 


the angles between the edges and faces of the 
Crystal, and the Orthogonal Crystal Axis 
system. 
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Saecee Chystal on the rod determined the angle in the @ 
Sreection. The quartz rod itself was positioned within the 
Cavity by attaching the rod to an aluminum shaft by means of 
Emelip, The shart was connected to a pointer which indica-—- 
ted the angles in the © direction. It is estimated that 
the angular position of the crystal in the cavity is known 


Tomwithin = 1° using this procedure. 


Ce PROCEDURES FOR TAKING SPECTRA 

The crystals were exposed to x-ray radiation at 45 kV 
and 40 mA for one hour using a copper target. The crystals 
Wenesmounted On transparent tape and placed im the open 
Windows of the ports. All irradiations were made at room 
temperature. The crystals were then positioned on the 
Guartz rod as described above. EPR spectra were then taken 
With a Varian V-4502-06 X-band EPR spectrometer using 100 
KHZ modulation. Spectra used to obtain damage ratios were 
obtained within one hour after irradiation. Spectra used 
to obtain coupling constants were taken from crystals about 
two weeks after they were irradiated. The acetate lines 
decay much more rapidly than those of the impurity during 
this period and this makes assignment of the splittings 
much easier. Spectra used to obtain coupling constants 
were taken at each 30° interval in both the © and ¢ 


dae ction. 
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V. RESULTS 


A. SPECTRA OBSERVED 

Sample spectra of x-ray damaged single crystals of 
strontium acetate hemihydrate doped with various concentra- 
tions of strontium n—butyrate are given in Fig. 3. These 
Spectra may be compared with that of undoped x-ray damaged 
Teacher deetate given in Fig, 1. All of these spectra 
Mere Obtained within one hour after irradiation at room 
temperature. A distinguishing characteristic of the 
n-butyrate doped strontium acetate spectra is the relative 
amplitude of the second and third lines in from the wings. 
“The second line becomes less prominent with increasing 
concentrations of strontium n-butyrate, The second line 
Was found to be from the acetate radical by direct compari- 
Sem Of Chese spectra with that of strontium acetate. 

The spectrum of strontium isobutyrate doped strontium 
acetate is shown in Fig. 4. This spectrum was taken shortly 
dieeet Ltrradiation. © The speetrum shown in Fig. 5 was taken 
approximately two’weeks later where the only species remain- 
ing was the isobutyrate radical. No anisotropy could be 
found for this radical. The spectrum can be easily inter- 
preted as due to six equivalent protons. The relative 
intensities are 1:6:15:20:15:6:1 and the radical must be 


(Gre ycco0 . 
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Sr 


0.5% Strontium n-Butyrate 


O= O, d= O 








1.0% Strontium n-Butyrate 
= 0, = 0 





2.0% Strontium n-Butyrate 


a=. 0, o= 0 
ee 
25 Gauss 


Room Temperature Spectra of X-Ray Damaged 
Strontium Acetate Doped with Various Amounts 


of Strontium n-Butyrate. 


Figure 3. 
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Bo DATA 

Coupling constants were measured at each orientation. 
Since readings were made at 30° intervals in both the @ 
and @ directions for 180° there were a total of 42 data 
points for each coupling constant used in the computations. 
However, only 32 points were unique. These experimentally 
obtained coupling constants are listed in Table l. The 
angular dependence of these coupling constants is shown in 
Fig. 6. The data points may be compared with the curves 


obtained by refining the data by the method of least squares. 


C. DATA REDUCTION 

A computer program written by Tolles (14} was used to 
Obtain the best coupling constants by the method of least 
Squares and compute the principal valucs and their asso- 
Ciated direction cosines. The direction cosines were com- 
puted with respect to the assigned crystal axis. This 
program requires that the approximate principal values and 
the rotations necessary to place the crystal axis upon these 
values be provided as input parameters. These parameters 
Can be easily obtained by plotting the experimental 
aero ing constants on a sterographic projection at the 
position indicated by the crystal orientation. A point 
near the high value and another near the low value of the 
coupling constants are picked such that they are 90° apart. 
Another point is picked such that it is 90° from both of 
these two points. This will give an estimate of the 


intermediate principal value. These three points are then 
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Coupling consSteanteveand magnetic field orientations. 


AH, (MHz) 


59.4 


43.1 
38.4 
60.7 
Peres, 
132 


DOG 


60.7 
43.6 
Aoe2 
58.9 
68.3 
71.8 


Sle 


59.4 


47.4 
43.1 
53.4 
65nS 
664.2 


60.2 


AHS (MHz ) 


AO 


44.9 


37.6 
Bio), ©: 
41.4 
43.6 


45.7 


46.1 
AZ aS 
40.2 


CW 


46.6 
47.0 


42.7 


41.9 
42.7 


47.4 


AH3 (MHz ) 


290 


24.8 
25.2 
mS 
30.8 
iG 


28.6 


PRS): 
26> 
Zao 
Zao 
DAE Ps 
2979 


29.2 


295 
2566 
Zeer. 
Zam 
Zi 6 
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Table 1 (Continued). 


AH, (MHz) AH> (MHz) AH, (MHz) 
O 90 60.2 47.4 29.5 
30 59.8 45.3 27.8 
60 53.8 AD 23 25.6 
90 48.3 36.7 24.8 
120 50.4 38.0 25.6 
150 S72 Aaa a ee 
180 60.2 47.0 29.5 
0 120 59.8 47.0 29.5 
30 66.2 44.9 30.3 
60 65.8 41.9 Bene 
90 , Galyae 36.7 25.6 
120 47.0 EY 2 23.9 
150 44.4 44.0 26.1 
180 60.2 47.0 29.9 
O 150 60.7 46.6 29.5 
30 756 44.9 31.2 
60 70.9 41.9 29.9 
90 55.1 38.0 26.9 
120 Se Pee Dee al 
150 44.9 38.0 25.6 
180 60.2 47.0 29.5 


Table 1. Coupling constants and magnetic field orientations. 
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Figure 6A. Coupling constants of room temperature 
n=-Butyrate vwadicals as a function of the 
orientation of the magnetic field od = 0°. 
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Figure 6D. @ = 90° 
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Pecteeae wit: ! each lies upon ome of the axes of the 
sterographic projection. The reverse of these rotations 
are the required rotation parameters. The results of this 


computation are given in Table 2, 


D. INTERPRETATION OF RESULTS 

@he spectra shown in Figess comsdcits of S Wimes of mean 
equal intensity. These eight lines are due to three inequi- 
Valeme hydrogens. The radical giving this spectrum has the 
formula CH,CH,CHCO,~. The splittings are shown in Fig. 7. 
The EOD spectrum is ale the ~~ = OF D = 0° orientation. 
At other orientations the splitting is not always so obvious. 
The bottom See aun is at the 6 = 30°, ¢ = 0° orienta- 
‘tion. The assumed splittings are shown over the spectra. 
ine spectra are distorted by the residual Specttwa trom 
Bacmcals £rom acetate, propionate and other unimewn species. 
Heller and McConnell [6] x-ray irradiated single crystals 
OL 4-succinic acid, a similar species, and obtained the 
radical HOOCCH,CHCOOH. This radical also had a spectrum 
Sieetght lines, 

folles and othexs [2) have defermaned the principal 
values and direction cosines for both the acetate and propi- 
Onate radical in strontium acetate. Their results are 
reproduced in Table 3. Comparing the anisotropic principal 
Values and direction cosines obtained for the n-butyrate 
Gaeta! reveals a distinet similarity. Both thejn-bubyeate 
gieecne propionate radicals must be orlented very nearly tne 


same way in the crystal. Further comparison with the values 
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Bigure 7. Examples of splitting assignments made to sample 
spectra Ofestrontium n=-Butyrate. 
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Principal Values 


Direction cosines 


Species (MHz) ¢ y 4 
"@i5,CO> °° (233°K) 

Hy =00.04 @r0.3  Onoee ~0.157 0.055 
-58.57 £ 0.4 O2ES7 0.988 0.006 

=29. 2448 nd sono ss 0.002 0.998 

H> -91.47 5 0.3 0.519 -0.088  -0.850 
=555 05 Onan eT 0.982 0.013 

220.37 = W.6 0,834 ~0.166 0.527 

Hy — -88.40 £ 0.4 0,444 0.485  -0.753 
-57.88 t 0.5 Oey os -0.680 -0.007 

~30.62 t 0.6 0.516 0.549 0.658 

8 

H, -~90,64 > 043°" O01 0.237 0.951 
56.66 + 0.5 0.740 -0.673 0.011 

Sac 46NSG0 2 642 oon Some 110 

CH3CHCO, (room temperature) 

ay, -86.6 t 0.8 #£0.676 0.098 01 0 
~54.1 1.2 #£0.085 0.974 0.209 

23 2 ane Serpe? =Ouees 0.650 

Senna joe oe Om =6as 7: ZO 226 0.901 

ay 6764 > GOemO 


Table 3. Coupling tensors observed in irradiated strontium 
acetate. (From Tolles, Sanders, and Gisch jl. ) 
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for the acetate radical reveal that there is only one 
magnetically distinct site, Hj; for the n-butyrate radical. 
This means that, in common with the propionate radical only 
One of the two available acetate sites is occupied by the 
fe-pucyrate radical and that within ehts site only one of two 
possible rotamers is thermally populated. This is further 
evidence that the acetate ions are not related by symmetry 
ii cies crystal. 

The isotropic principal values vermit the determination 
of the angle between the CH bond on the 4 carbon and the 
symmetry axis of the 7! electron orbital by use of 


McConnell's {6} formula 
A({isotropic part) = Eee Bcos“@ . 


In erie formula § is the angle between the symmetry axis 
Sees jt CleetrOonsollD tea leamne the Pprogeection of the CH 
bond. The constants used here are those reported by Wells 
and Box (10| - These values are B, = 3.2 MHz and 


B = 123.3 MHz. Applying these constants and the experi- 


mentally determined principal values the results are: 


i+ 


Proton lL: = 62.,8° 


Proton 2: =*+ 55,0° 


A graphical representation of the orientation of the 
hydrogen atoms on the 4 carbon is given in Fig. 8. The 
view presented is that along the carbon bond. Wells f15] 


epprved the same values for the constants Bo and B to 


36 





628 la 550° 
[-] : 





Figure 8. Orientation of the A Carbon Hydrogens. 
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succinic acid and obtained dihedral angles of 39° and 66°. 
The n-butyrate chain then must be twisted from its preferred 
position in order to fit in the strontium acetate crystal 


lattice, 


Ee ofLECTIVITY RATIOS 

Selectivity ratios have been obtained for both n-butyrate 
and isobutyrate doping material in strontium acetate 
crystals. The selectivity ratio is the slope of the ratio 
of damaged doping material to acetate versus concentration 
Of doping material. The ratio is 300 with isobutyrate 
doping and about 500 with n-butyrate doping. The selecti~ 
vity ratio for isobutyrate is presented in Fig. 9. Tolles 
“has reported the ratio for propionate and it is also shown. 
The ratio for n-butyrate is presented in “Page O 

Computation of the ratio for isobutyrate was straight- 
forward. The amplitude of the isobutyrate line with a 
relative intensity of 6 was measured. This was multiplied 
by 64/6 to give the relative intensity of the entire 
tomievyrate spectrum. The sum of@eme relative intensities 
for isobutyrate is 64. The amplitude of one of the outer 
acetate lines was measured and then multiplied by 8. The 
acetate spectrum consists of two groups of lines with each 
fue lavang a relative intensity ofl 22s her total 
relative intensity, therefore, is 8 The ratio of these 
two numbers gives the isobutyrate to acetate damage ratio. 
The isobutyrate concentration was Known from the amount of 


doping material added to a Known amount of strontium acetate. 
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Figure 9. Selectivity ratios of propionate and isobutyrate 
in stontium acetate. 
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Euemre 10. Selectivity Ratio of n=Butyrate in Strontium 
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PiemceLeCCriVity Latio LOL N=butyraeemeannot be found 
memoagetty, The lines are closemuegetiemeanawcney will ride 
up one another making amplitude measurements hazardous. 

The spectrum was simulated using a computer program written 
by Tolles 16] - The intensity parameters were varied 

until a spectrum resembling a spectrum with known concentra- 
E2ons was obtammed. The damage netio was then computed from 
the known intensities used in the computer program. A 
comparison of the computer simulate spectrum with that of 

an actual one is given jin Fig. 11. Some information on 
isobutyrate in zinc acetate would indicate a selectivity 


ratio Of about S&S to lL. 
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H=0, d=0 


25 Gauss 


Actual Spectrum of n=—Butyrate in Strontium Acetate 


Computer Simulated Spectrum 


Figure ll. Comparison of Computer Simulated Spectrum with 
Actual Spectrum. 
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VI. SUMMARY 


Strontium acetate has proved to be a suitable host in 
mare to study a number o£ madical fragments. So far 
propionate, isobutyrate and n-butyrate have been studied. 
The ultimate number of materials that may be introduced is, 
of course, unknown. Other likely candidates are adipate and 
Succinate, It would also be interesting to try some of the 
amino acids. It is an unusual fact, that for both propionate 
ema nN=butyrate in strontium acetate crystals, that only one 
Of the two acetate sites is occupied by damaged tons and 
that within this site, only one rotamer of the damaged ion 
2s thermally populated. 

Sieentiummacetate, Tf at 2S tO be usedeas a host crystal 
for other materials, must be extremely pure. Commercial 
eee cline t iGCetiC deriG, LEOm whiten Lhe acetate may ioc 
made, that is seas available in the Laboratory is not 
Pure enough for this purpose. Distillation of the acetic 
acid has proved to be an acceptable method to produce a 
product of the required purity. It is possible to produce 
acetic acid with a propionate content of 0.0001% or less. 

Selectivity ratios for n-butyrate and isobutyrate ion 
damage in strontium acetate crystals have been found. The 
Paee for n—butyrate is about 5S0C0"te 1 and the Gatio for 
toewuryrate is 300 £0 1. Tobles;ssanders and Gisch [13 


first reported this phenomenon for propionate in strontium 
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acetate crystals. The selectivity ratio they reported was 
700 to 1. Large selectivity ratios have now been shown to 
be general for segaie acid anions. The mechanism for 
delocalization of the damage and the resulting large selec- 
tivity ratios remains unknown. 

The unpaired electron in the n-butyrate radical has been 
Shown to be ina p orbital of the © -carbon when x-ray 
irradiated at room temperature. Additional information on 
the potential holes in the strontium acetate crystalline 


structure has been provided. 
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